This paper reports on the first demonstration of ultra-fast 
INTRODUCTION
One of the most important requirements for the implementation of a high resolution and simultaneously ultra-fast MEMS/NEMS resonant infrared (IR) detector is the scaling of the resonator thickness [1] . In fact, the scaling of the device thickness, t, while maintaining the resonator static electrical capacitance, C 0 , constant to a value larger than the substrate parasitic capacitance, inevitably yields an improved IR detector figure of merit:
FoM = 1/(NEP⋅τ)∝(η⋅TCF⋅Q)/(C 0 ⋅t
2 ), where η is the IR 
EXPERIMENTAL RESULTS
In this work an ultra-thin (50 nm) and high quality (FWHM <3°) AlN piezoelectric layer is employed to form the resonant bodies of lateral-extensional mode resonators ( Fig. 1) with 5 different lateral dimensions ranging from 60 µm to 28 µm (Fig. 2) . Moreover, thicker devices (200 nm and 500 nm) for each size are built as references to prove the effectiveness of volume scaling in improving device performance. The electromechanical performance of both the 50 nm thick devices and reference devices were characterized (Fig. 3, 4 (Fig. 5) , showing a high temperature sensitivity ~-52.5 ppm/K for the 50 nm devices (due to the more significant contribution of the metal electrodes characterized by a relatively large temperature coefficient of Young's modulus). These unique features were exploited for the first experimental demonstration of ultra-fast and high resolution AlN NEMS resonant IR detectors. The detectors were characterized using a Pendar Technologies 5 μm quantum cascade laser and the experimental setup shown in Fig. 6 . The frequency response to a modulated IR radiation of a 50 nm device was measured and compared to that of a 200 nm one (Fig. 7) . The intrinsic absorption peaks of both the 50 nm and the 200 nm AlN devices are located at wavelengths much shorter than 5 μm [3] . Therefore, they are both characterized by small and comparable values of IR absorptance, η, at ~5 μm. The measurement results show a 2X improvement in responsivity (S ∝ η⋅R th ⋅TCF) for the 50 nm device in agreement with the analytical predictions. The frequency noise spectral densities, f n , of the two devices were extracted from the measurements and the NEP values were then calculated (NEP = f n /S, assuming η = 1) to be ~4 nW/Hz 
